Energy in Agriculture: Energy Resource Series for Youth and Adult Energy Programs: 5. Solar by Turner, George M.
University of Kentucky
UKnowledge
Agricultural Engineering Energy Series Biosystems and Agricultural Engineering
11-1981
Energy in Agriculture: Energy Resource Series for
Youth and Adult Energy Programs: 5. Solar
George M. Turner
University of Kentucky
Right click to open a feedback form in a new tab to let us know how this document benefits you.
Follow this and additional works at: https://uknowledge.uky.edu/aees_reports
Part of the Bioresource and Agricultural Engineering Commons
This Report is brought to you for free and open access by the Biosystems and Agricultural Engineering at UKnowledge. It has been accepted for
inclusion in Agricultural Engineering Energy Series by an authorized administrator of UKnowledge. For more information, please contact
UKnowledge@lsv.uky.edu.
Repository Citation
Turner, George M., "Energy in Agriculture: Energy Resource Series for Youth and Adult Energy Programs: 5. Solar" (1981).
Agricultural Engineering Energy Series. 13.
https://uknowledge.uky.edu/aees_reports/13
AEES-25
r
n
i
Energy Resource Series for Youth
and Adult Energy Programs
5. So/ar
by
George M. Turner
Extension Special ist  for  Agr icul tural  Engineer ing
Department of Agr icul tural  Engineer ing
University of Kentucky
Lexington, Kentucky
I
t'
t '
I
;-a
i
UNIVERSITY of KENTUCKY
COLLEGE of AGRICULTURE
DEPT. of AGRIG. ENGINEERING
COOPERATIVE XTENSION SERI/ICE
in
cooperolion
w i l h
KENTUCKY
DEPARTMENT
of
ENERGY
Preface
Quite frequent ly stor ies and news art ic les appear in our newspapers and magazines
a b o u t a v a s t s o u r c e o f  e n e r g y s u r r o u n d i n g u s e v e r y d a y . T h i s i s s o l a r e n e r g y .  l t i s t r u e t h a t i t i s
a vast source. l t  is also true that methods proposed today to make increased use of this natural
energy  requ i re  spec ia l  equ ipment .  Th is  makes the  cos t  ex t remely  h igh .
The f  i r s t  par t  o f  th is  pub l i ca t ion  dea ls  w i th  nuc lear  phys ics ;  i t  i s  des igned fo r  the  reader
who is  ser ious  about  learn ing  the  bas ics  o f  sun l igh t .  The reader  who is  ma in ly  in te res ted  in
app l ica t ions  o f  so la r  energy  shou ld  beg in  read ing  a t  the  sec t ion  t i t led  Rad ia t ion  Ar i thmet ic
and Geometry.
This is the f  i f th publ icat ion in a 12-part  energy resource ser ies designed for the adult  and
student with a ser ious interest in the energy si tuat ion. Each publ icat ion in the ser ies deals with
a di f ferent energy source and considers the advantages and disadvantages associated with i ts
use.
When necessary, diagrams and/or tables are used to clar i fy or elaborate upon
information found in the text.  Quest ions with answers are included at the end of each
publ icat ion so that you can test what you have learned.
The au thor  w ishes  to  thank  Lar ry  W.  Turner ,  R ichard  H ia t t  and L inda Bach o f  the
Department of Agricul tural  Engineering, Universi ty of Kentucky, for reviewing the text.
The Energy  Resource  Ser ies  fo r  Youth  and Adu l t  Energy  Programs inc ludes  the  fo l low ing
pub l ica t ions :
AEES-21 EnergyOverv iew
AEES-22 Def ini t ions
AEES-23 Oi l  and Gas
AEES-24 Coal
AEES-25 Solar
AEES-26 Wind
AEES-27 Nuc learF iss ion
AEES-28 Nuc lear  Fus ion
AEES-29 Wood
AEES-30 Water
AEES-31 Geothermal
AEES-32 Alcohol
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5.
lntroduction
Since '1973,  when the  pub l ic  became aware  tha t
shor tages  o f  gaso l ine  fo r  au tomobi les  cou ld  d ras-
t i ca l l y  a f fec t  the i r  persona l  l i ves ,  there  has  been
much in te res t  in  so la r  energy .  Many ar t i c les  have
appeared in  the  popu lar  p ress  about  the  po ten t ia l  o f
so la r  energy ,  and the  federa l  government  has  a l lo -
cated large sums of money for research in this area
of  energy .  Most  sc ience tex tbooks  now conta in  a
chapter  o r  two on  so la r  energy  u t i l i za t ion .  Most
eng ineer ing  co l leges  o f fe r  courses  spec i f i ca l l y
re la ted  to  energy ,  and many o f  these p lace  empha-
s is  on  the  so la r  aspec t .  There  is  l i t t le  doubt  tha t  the
pub l ic ,  in  a l l  sec tors ,  i s  we l l  aware  o f  the  sun as  a
vast source of energy.
I t  i s  t rue  tha t  there  is  an  immense amount  o l
energy  coming to  our  ear th  f rom the  sun.  Most
peop le  have fe l t  the  heat  f rom the  sun wh i le  in  an
automobi le  o r  wh i le  s i t t ing  near  a  w indow on a  c lear ,
co ld  day .  From these exper iences ,  many ind iv idua ls
ant ic ipa te  tha t  an  economica l  b reak through by
sc ien t is ts  w i l l  o rov ide  them wi th  access  to  th is
energy  sou rce .  In  rea l i t y ,  the  process  o f  su  bs t i tu t ing
so la r  energy  fo r  the  immense amount  o f  work  tha t
foss i l  f  ue ls  now do is  fo rmidab le ;  i t  i s  d i f f  i cu l t ,  i f  no t
imposs ib le ,  fo r  peop le  today  to  apprec ia te  how
d i f f i c u l t  i t  w o u l d  b e  t o  a c c o m p l i s h  t h i s  o n  a  n a t i o n -
w ide  sca le .
Radiat ion Del ined
In  o rder  to  adequate ly  unders tand so la r  energy ,
you must  unders tand the  concept  o f  rad ia t ion .  To
do th is ,  we s ta r t  w i th  the  s imp le ,  bas ic  fac ts  as  they
are  conce ived today  by  spec ia l i s ts  in  th is  f ie ld ,  the
phys ic is ts .  The i r  concept  o f  rad ia t ion  s ta r ts  w i th  the
atom.  The s imp les t  a tom is  hydrogen.  l t  has  one
pro ton  in  i t s  cen ter  o r  nuc leus ,  and one e lec t ron
mov ing  around the  ou ts ide .  Th is  i s  i l l us t ra ted  in
F i g u r e  1  .
Phys ic is ts  be l ieve  a l l  p ro tons  are  exac t ly  the
same.  The mass o f  a  p ro ton  rs  g iven  in  phys ics
books  a t  1 .66  x  10-27 kg .  The pro ton  is  s l igh t ly  more
than 1 ,800 t imes as  mass ive  as  the  e lec t ron :  there-
fo re ,  the  e lec t ron  is  very  smal l .  Sc ien t is ts  th ink  tha t
a l l  e lec t rons  are  exac t ly  a l i ke .
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Each proton exhibi ts a posit ive electr ical  charge
of  one un i t ,  wh i le  each e lec t ron  exh ib i ts  one e lec t r i -
cal  charge but of opposite or negat ive value. In the
physical  world,  the posit ive and negat ive charges
attract or draw toward each other,  whi le al l  posi t ive
charges repel or push away from each other.  Like-
wise, al l  negat ive charges repel each other.
Fig .  1 . -A  s imp l i f ied  iagram o f  the  hydrogen a tom.
In  an  a tom,  such as  hydrogen i l lus t ra ted  in
F igure  1 ,  the  e lec t ron  w i th  i t s  negat ive  charge wants
to get as close as possible to the proton with i ts
pos i t i ve  charge.  The on ly  reason they  do  no t  ge t
together  i s  because the  e lec t ron  is  wh i r l ing  around
so fast that i ts centr i fugal force keeps i t  away; in a
s imi la r  fash ion ,  the  moon orb i ts  the  ear th .
The electron has many discreet orbi t  levels
ava i lab le  to  i t  depend ing  on  the  energy  i t  possesses .
I t  can  move up  and down to  one o f  severa l  leve ls  a t
one t ime i f  ex te rna l  energy  is  pu t  in to  the  e lec t ron .
l f  the  e lec t ron  moves c loser  to  the  pro ton ,  i t
must orbi t  at  a faster rate to keeo al l  the forces in
ba lance.  S ince  an  e lec t ron  has  less  enerqv  a t  lower
levels than at higher levels,  i t  takes energy or work to
make these changes in  the  orb i t ' s  d is tance and
corresponding veloci ty.
During the past 50 years or so, scient ists have
found that when external energy is put into an atom,
the  e lec t ron  w i l l  move to  a  h igher  o rb i t .  When the
external source of energy is removed, the electron
wi l l  move back  to  i t s  o r ig ina lo rb i t .  l t g ives  up  energy
exact ly equal in quant i ty to that which was put in.
Sc ien t is ts  gave the  name quantum to  th is  amount  o f
energy.
They now propose that this energy is carr ied by
a massless, part ic le- l ike bundle of energy to which
they have given the name "photon." The photon,
carrying a quantum of energy, is the basis of al l
e lectromagnetic radiat ion whether i t  be radio, tele-
vis ion, radar,  microwave ovens, electromagnets,
in f ra red  heat ,  v is ib le  l igh t ,  laser  beams,  u l t rav io le t ,
X rays or gamma rays.
A Radiation Concept
Any person can form a mental  concept of a
photon .  l t  w i l l  p robab ly  no t  be  l i ke  the  one fo rmed
by any other person. l t  does not matter as long as
the concept f  i ts al l  the facts.  A photon wi l l  never be
seen by human eyes. Al l  that can ever be done is to
examine the evidence of what the photon does. The
concept,  based on facts known today, is that al l
photons are the same and travel away from their
source  o f  o r ig in  a t  the  speed o f  l igh t ;  and depend ing
upon the level of  electron orbi t  f rom which they
were emit ted, they vibrate at di f ferent rates.
You can v isua l i ze  a photon  as  a  po in t  wh ich  can
expand and contract in a plane, such as a sheet of
paper,  perpendicular to the direct ion of t ravel.  This
expansion and contract ion is the vibrat ion; the
number of t imes the photon vibrates per second is
the f  requency. Photons emit ted f  rom electrons mov-
ing  f rom very  h igh  leve ls  o f  o rb i ts  have h igher
frequencies of v ibrat ion than those emit ted from
lower levels.
As a photon travels away from the atom of i ts
or ig in  a t  the  speed o f  l igh t ,  amaz ing  th ings  happen.
A great ly simpl i f  ied picture of this process is shown
in  F igure  2 .  Note  tha t  the  po in t  o r  photon  expands in
a  p lane in  a l l  d i rec t ions .  Remember  th is  p lane is
moving forward at the speed of l ight.
F igure  3  i s  a  s ide  v iew o f  a  photon  tha t  v ib ra tes
with a frequency of 1,000 ki locycles per second
(1 ,000 kcls).  This is about the center of the standard
broadcast radio band. Since "ki lo" means thousand.
this photon vibrates at one thousand thousand
cycles each second or one mil l ion cycles each
second.
At the speed of l ight,  186,000 miles per second,
th is  photon  t rave ls  0 .186 mi les  wh i le  one cyc le  i s
taking place, or about 980 feet.  The wavelength is
then 980 feet or about 300 meters. This is shown at
the topof  thed iagram o f  F igure3 .  Dur ing  onecyc le ,
the  photon  expands f rom po in t  s ize  to  a  max imum,
then contracts to a point again.
Now let 's apply the same process to a photon
emi t ted  t rom an orb i t  fa r ther  f  rom the  nuc leus  and
assume i t  to vibrate at about 500 tr i l l ion cycles per
second.  Th is  i s  about  the  midd le  o f  the  v is ib le  l igh t
band. The human eye is sensit ive to this frequency
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Fig. 2.-A simpli f  ied diagram of a photon vibrat ing at a f  requency
of 1,000 kcls while travel ing forward through space at the speed
of l ig ht.  l t  expands in al l  direct ions, perpend icular to the d irect ion
of travel, as in (a), then contracts to a point from al l  direct ions to
the  s ing le  po in t  as  in  (b ) ,  a t  the  ra te  o f  one mi l l ion  t imes each
second.
MILLIOXTH OF A SECOND
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Fig. 3.-Side view of a 1,000 kc/s photon travel ing ihrough space.
The plane through which the photon vibrates is perpenciular to
the l ine of travel and shows up as an edge view in this diagram.
which  means tha t  the  mi l l ions  o f  t iny  rods  and cones
in  the  re t ina  o f  the  eye  are  a t tuned to  th is  band,  o r
tha t  they  v ib ra te  in  phase w i th  the  incoming photon .
In  o ther  words ,  the  rods  and cones  in  the  re t ina  o f
the  eye  ac t  as  an tennae tha t  a re  tuned to  th is  band.
When photons  c lose  to  th is  f requency  o f  v ib ra t ion
ref lect f rom objects,  such as a pr inted page, they
br ing  in fo rmat ion  wh ich  the  human eye can sense;
we in te rpre t  th is  as  v is ion .
The s ide  v iew o f  such a  photon  is  shown in
F igure  4 .  The f  requency  o f  th is  photon  is  about  500
mi l l ion  t imes as  grea t  as  the  one shown in  F igure  3 .
There fore ,  the  number  o f  humps or  expans ions  in
the distance covered by the forward movement of
the  photon  each second is  500 mi l l ion  t imes those o f
F igure  3 .  Remember  tha t  a l l  pho tons  t rave l  fo rward
at the same veloci ty,  that is,  the speed of l ight.
Fig .  4 . -A  s ide  v iew o f  a  photon  v ib ra t ing  a t  a  f requency  o f  500
t r i l l i on  cyc les  per  second.  Th is  i s  about  the  midd le  o f  the  v is ib le
l igh t  spec t rum tha t  makes up  most  o f  the  rad ia t ion  f  rom the  sun.
Note the dif ference in wavelength compared to Figure 3.
The p ic tu re  o f  the  pa th  o f  th is  photon  th rough
space wou ld  be  s imi la r ,  ye t  qu i te  d i f fe ren t ,  f  rom the
rad io  f requency  photon  o f  F igure  3 .  Th is  compar i -
son  is  i l l us t ra ted  in  F igure  5 .  Note  tha t  each photon
t rave ls  a t  the  same ve loc i ty ,  the  speed o f  l igh t ,  and
therefore covers the same distance in the same t ime
per iod .  The d i f fe rence in  the  pa ths  is  caused by  the
dif ference in the frequencies.
One very important fact made obvious by the
i l lus t ra t ion  o f  the  two photons  is  tha t  there  is  much
more  energy  in  the  h igher  f requency  thah in  the
lower one. In fact,  the energy of a photon is direct ly
re la ted  to  i t s  f requency  o f  v ib ra t ion .  Th is  f i t s  the
physical  facts that scient ists have observed about
photons .
Radio frequencies and even frequencies in the
v is ib le  l igh t  range do  no t  do  much damage to  l i v ing
Fig .  5 . - ln  th is  d iagram,  a  photon  v ib ra t ing  a t  one mi l l ion  cps  is
compared to one of 500 tr i l l ion cps. They each travel forward the
same distance each second. The top drawing i l lustrates the faster
vibrat ing photon with wavelengths much closer together.
ce l l s .  Bu t ,  s ta r t ing  w i th  u l t rav io le t  and upward ,  such
as  X rays  and gamma rays ,  the  f requenc ies  can k i l l
l i v ing  ce l l s  caus ing  i r r i ta t ing  burns  and,  i f  severe
enough,  can cause the  death  o f  p lan ts ,  an ima ls  and
humans.
I t  must  be  unders tood tha t  a l l  the  space
throughout  he  un iverse  is  f  i l l ed  w i th  photons  mov-
ing  in  a l l  d i rec t ions .  Photons  do  no t  seem to  in te r -
fere with one another.  The beams of l ight f  rom two
f lash l igh ts  can c ross  each o ther  and s t i l l  show up as
spots on the opposite wal ls of a room. Photons in
the  v is ib le  l igh t  f requency  band can be  coord ina ted
so that a large major i ty are in phase with each other.
This is cal led a " laser" beam. The secret behind this
is to cause many atoms to have electrons drop f  rom
higher  o rb i t  leve ls  to  lower  ones  a t  the  same ins tan t .
Th is  in  tu rn  sends  photons  o f  the  same f  requenc ies
outward at the same t ime, or in phase.
One more  i l l us t ra t ion  can he lp  exp la in  where
v is ib le  l igh t  comes f rom.  The f i lament  o f  an  incan-
descent  l igh t  bu lb  i s  made o f  tungs ten ,  a  spec ia l
k ind  o f  meta l .  An  e lec t r i c  cur ren t  i s  fo rced th rough
th is  f i lament .  Th is  resu l ts  in  the  conductor  heat ing
up just l ike the wires in an electr ic oven or toaster.
But,  in this case, the force keeps increasing and
push ing  the  e lec t r i c i t y  th rough so  tha t  the  con-
ductor gets hotter and hotter.  The wire actual ly
becomes white hot rather than just red hot.  The
tempera ture  o f  the  w i re  i s  about  3 ,000"C (5 ,400 'F) .
This effect is caused by the extreme agitat ion of the
atoms wh ich  make up  the  w i re  f  i l ament .  There  are
many b i l l i ons  o f  a toms in  a  f i lament  2  inches  long.
The ex terna l  energy  input ,  in  the  fo rm o f  the  e lec t r i c
cur ren t ,  i s  the  ac tua l  cause o f  the  w i re  heat ing  up  to
white incandescence. This in turn causes the elec-
trons to be elevated to higher levels on most of the
atoms.
Some of the atoms wi l l  betemporari ly cooled by
being br ief  ly away f  rom the agitat ion. The electrons
of these atoms fal l  back to a lower level,  and this is
the source of photon emission that we see. Objects
must  be  in  the  4 ,000 to  5 ,000"F range to  emi t
photons  v ib ra t ing  in  the  v is ib le  l igh t  range.
Gases can burn at temperature levels causing
v is ib le  f lames o f  d i f fe ren t  co lo rs .  The a toms w i th in
the f lame are agitated to such an extent that the
e lec t rons  are  e leva ted  in  o rb i t .  When some o f  the
atoms coo l  by  mov ing  to  the  edge o f  the  f  lame,  the i r
electrons drop back, emit t ing a photon. Some gas
f  lames are  coo le r  than o thers ,  about  4 ,000"  F ,  g iv ing
off  most ly red and yel low color;  whi le some are in
the  b lue  range,  c loser  to  5 ,000"F.  A  p iece  o f  meta l
heated  by  a  to rch  to  1 ,500oF w i l l  appear  du l l  red .
Atoms in  ob jec ts  a t  th is  tempera ture  mi t  photons
v ib ra t ing  in  the  red  band or  lower  edge o f  the  v is ib le
l ight band at about 400 tr i l l ion cycles per second.
So far,  the basic facts about radiat ion are as
fo l lows.  The en t i re  e lec t romagnet ic  spec t rum is
made up o f  photons .  These or ig ina te  when an
e lec t ron  orb i t ing  an  a tomic  nuc leus  drops  to  a  lower
level.  Photons travel through space at the speed of
l igh t  and can have var ious  f requenc ies  o f  v ib ra t ion
depend ing  upon the  orb i t  leve l  f rom wh ich  they
were  emi t ted .  Space is  f i l l ed  w i th  these mov ing
photons  coming f  rom any  ob jec t  con ta in ing  energy
in  the  fo rm o f  a tomic  v ib ra t ion .
The Sun as a Radiat ion Source
Now le t ' s  look  a t  the  sun as  an  emi t te r  o f
g igant ic  quant i t ies  o f  rad ia t ion .  Sc ien t is ts  now
know that our sun is a star.  They know that i ts
energy  comes f  rom the  fami l ia r thermonuc lear  reac-
t ion  ca l led  " fus ion . "  In  th is  reac t ion ,  hydrogen
atoms approach one another with suff  ic ient veloci ty
to  overcome the  oppos ing  fo rces  o f  the  pos i t i ve ly
charged nuc leus  or  p ro ton  (F igure  1) .  When the  two
pro tons  touch,  phys ica l  fo rces  jus t  recent ly  d is -
covered take over.  These f  orces have always
ex is ted ,  bu t  sc ien t is ts  have learned about  them
only in the past 50 years. These forces are strong
nuclear forces cal led binding forces. Refer to AEES-
28 Fus ion  fo r  more  de ta i l  on  the  thermonuc lear
react ion and these strong nuclear forces.
The forces are so strong that the two protons
s t ick  so l id ly  together  as  one un i t ,  fo rming  a  new
element ,  he l ium.  When a  new e lement  i s  fo rmed,  i t s
total  mass is less than the separate parts before they
come together.  This loss of mass reappears as
energy given off  as gamma rays-extremely high
frequency photons. In the thermonuclear eact ion,
a vast amount of energy is given off  f rom the very
smal l  amount of mass that is lost.  Veloci t ies several
mi l l ion  mi les  per  hour ,  a ided by  pressure  or  g rav i ty
great enough to overcome the tremendous repul-
s ive  fo rce  o f  the  two pro tons  (0 .13  pounds a t  two
d iameters  d is tance apar t ) ,  a re  on ly  found in  the  sun
ors imi la rs ta rs .  l t i s  the  h igh  ve loc i ty  o f  the  par t i c les ,
represent ing high temperature, that gives this reac-
t ion  the  name " thermonuc lear . "
In  ac tua l i t y ,  i t  i s  found tha t  four  par t i c les  make
up the  nuc leus  o f  a  he l ium a tom,  no t  jus t  the
protons. However,  the two extra part ic les have no
charge and are therefore cal led "neutrons." Their
purpose seems to be to help evenly distr ibute the
s t rong nuc lear  fo rce  and fo rm a  s tab le  nuc leus .  A l l
elements, f  rom hydrogen which rarely has a neutron
at tached,  up  to  about  number  26 ,  i ron  (Fe) ,  have a
neut ron  fo r  each pro ton  in  the  nuc leus .  Above th is
po in t ,  ex t ra  neut rons  are  found in  the  nuc leus .  In
other words, more neutrons than protons are found
in  the  nuc leus .  Apparent ly  the  more  complex  the
nuc leus ,  the  more  he lp  the  s t rong fo rces  must  have
to  main ta in  s tab i l i t y .  A f te r  u ran ium (U) ,  number  96 ,
no  amount  o f  ex t ra  neut rons  can make a  nuc leus
stay together for more than f leet ing instances of
t ime.  Every  e lement  i s  uns tab le  above uran ium and
cannot  be  found in  na ture .
A l l  s ta rs ,  o f  wh ich  our  sun is  one,  fa l l  w i th in  a
relat ively narrow range of mass. l f  the mass is too
smal l ,  the  pressure  caused by  grav i ty  i s  no t  g rea t
enough to  ass is t  in  fo rc ing  the  hydrogen a toms
together  to  fo rm he l ium.  l f  the  mass  is  too  grea t ,  the
grav i ta t iona l  fo rce  overcomes and c rushes  the
in te r io r  in to  an  ex t remely  dense mass where
thermal  energy  (no t  nuc lear  bu t  f r i c t ion)  ra ises  the
tempera ture  above what  the  nuc lear  eac t ion  wou ld
do, and the mass is forced apart  in a gigant ic
explosion cal led a "supernova."
Our  sun has  jus t  the  r igh t  amount  o f  mass  to
cause the  thermonuc lear  eac t ion  energy  to  ba l -
ance the  grav i ta t iona l  fo rces .  l t  has  been do ing  th is
fo r  b i l l i ons  o f  years  and can cont inue fo r  b i l l i ons
more before imbalance takes place.
The sur face  o f  the  sun is  about  5 ,500"C
( 1 0 , 0 0 0 " F ) .  A t  t h i s  t e m p e r a t u r e ,  p h o t o n s  a r e
emi t ted  w i th  f requenc ies  averag ing  500 t r i l l i on
cyc les  per  second.  Th is  pu ts  them in  the  midd le  o f
the  v is ib le  l igh t  range,  and the  human eye is  tuned to
respond to these. Certain port ions of the surface are
somewhat cooler,  and some quite a lot  hotter.  These
por t ions ,  however ,  make up  a  smal l  percentage o f
the surface. Because of this,  there are some photons
emitted of relat ively low frequency and some with a
much h igher  f requency .  In  fac t ,  f requenc ies  a l l
ac ross  the  spec t rum have been de tec ted  rang ing
f rom low f  requency  rad io  to  gamma rays .  The la rge
major i ty of the photons emit ted, however,  are in the
v is ib le  range,  f rom 430 t r i l l i on  cyc les  per  second
( red)  to  750 t r i l l i on  (v io le t ) .  Add i t iona lquant i t ies  a re
emi t ted  in  the  in f ra red  range,  30  t r i l l i on  cps  (sensed
as heat  on ly )  and in  the  u l t rav io le t  range,  3 ,000
t r i l l i on  cps .
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F ig .  6 . -D i s t r i bu t i on  o f  t he  ene rgy  rad ia ted  by  t he  sun  a t
10.000 F.
A graph o f  the  rad ia t ion  spec t rum o f  the  sun is
shown in Figure 6. Note that the large percentage of
rad ia t ion  is  in  the  v is ib le  l igh t  range.  Th is  i s  because
the 10,000"F surface temperatures caused by agi-
tated atoms produced photon emission in that
f  requency. Any object at  this same temperature wi l l
produce photons of the same f  requency. Note also
tha t  there  is  a  l i t t le  rad ia t ion  on  e i ther  s ide  o f  the
v is ib le  l igh t  band.  Th is  i s  caused by  par ts  o f  the
surface being cooler and some much hotter.
The radiat ion f rom the sun travels outward in al l
d i rec t ions  in  equa l  quant i t y  a t  the  speed o f  l igh t .  A
photon leaving the sun's surface can travel for
mi l l ions  o f  l igh t  years ,  and i f  i t  touches  no th ing  in
space, the photon can have exact ly the same fre-
quency or energy content as when i t  was emit ted.
Radiation Absorption
When a  photon  co l l ides  or  s t r i kes  mat te r ,
severa l  th ings  can happen (F igure  7) .  l f  the  f re -
quency  or  energy  conten t  i s  exac t ly  r igh t ,  a  photon
can hi t  the electron of an atom of matter giv ing the
e lec t ron  a  boos t  in to  a  h igher  o rb i t ,  jus t  l i ke  one poo l
ba l l  s t r i k ing  another .  Th is  ac t ion  is  exac t ly  the
reverse of the act ion that emit ted the photon. The
atom that received the energy is agitated and
exhibi ts an increase in temperature.
The transfer of energy from one body to an-
o ther  by  rad ia t ion  is  100 percent  e f f i c ien t  so  fa r  as
the  t rave l  o f  the  photons  is  concerned.  As  has  been
\ - -
Fig .  7 . -A  photon  can co l l ide  w i th  the  e lec t ron  o f  an  a tom and
boost  the  e lec t ron  to  a  h igher  o rb i t .  The photon  lhen ceases  to
ex is t ,  and the  energy  shows up as  a  more  exc i ted  a tom a t  h igher
temoera ture .
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pointed out,  photons can travel for eons and never
lose energy. The only ineff ic iency in transfer of
energy by radiat ion comes from the fact that so
many photons emit ted never intersect matter,  but
simply travel of f  through space. This amounts to a
t remendous loss  in  the  number  o f  photons  leav ing  a
hot object and travel l ing toward another object,
because only a few encounter atoms in the receiving
object.  Photons can be focused, however,  to direct
more of them where they can interact with the
intended mater ial  and, thus, increase eff ic iency.
As a matter of  interest,  i t  should be pointed out
that photons do not exist  inside atoms l ike elec-
t rons ,  p ro tons  and neut rons  do ,  bu t  exh ib i t  them-
se lves  on ly  as  a  fo rm fo r  convey ing  bund les
(quanta)  o f  energy  when an  e lec t ron  fa l l s  f rom a
higher level to a lower level.  They cease to exist
when they  co l l ide  w i th  mat te r ,  tha t  i s ,  s t r i ke  the
electron of an atom and transfer al l their  energy to i t .
A second act ion that can happen is that a
photon can str ike a free electron in space and
simply impart  al l  or part  of  i ts energy to i t .  This effect
i s  shown in  F igure  8 .  A  photon  a lso  may s t r i ke  an
electron in orbi t  with a direct blow and knock i t  c lear
out of the orbi t .  This is cal led ionizat ion or the
photoelectric effect.
Fig. 8.-A photon can str ike a f ree electron in space. l f  i t  str ikes a
g lanc ing  b low,  the  e lec t ron  w i l l  bounce o f f  in  a  d i f fe ren t  d i rec-
t ion, and the photon with lowered frequency and lower energy
conten t  goes  in  another  d i rec t ion .  The e lec t ron  p icks  up  the
energy  los t  by  the  photon .  l f  they  meet  head on ,  o r  d i rec t l y ,  a l l  the
energy  o f  the  photon  w i l l  be  t rans fer red  to  the  e lec t ron ,  and the
ohoton ceases to exist.
A third possibi l i ty of  the photon transferr ing i ts
energy  is  shown in  F igure  9 .  The photon  s imp ly
disappears. l t  changes into two ident ical  part ic les of
matter.  Each has an opposite electr ic charge, one
posit ive, the other negat ive. One is the famil iar
electron, the othera positron. Thesetwo part ic les of
unl ike charge immediately attract each other and
come together.  In doing so, they completely anni-
hi late each other,  leaving a quant i ty of energy with a
vibrat ion rate great ly di f ferent from that of  the
or ig ina l  photon .  Th is  ac t ion  is  ca l led  "pa i r  p ro-
duc t ion . "
Of the three possibi l i t ies l isted here, the f i rst
one is most prevalent as far as radiat ion in the
frequency range emit ted by the sun. The other
emiss ions  come main ly  f rom rad ioac t ive  rad ia t ion .
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Fig. 9.-A high energy photon can instantaneously change into
two part icles, one an electron and the other a positron. These two
part icles are al ike except for the opposite charge. They immedi-
a te ly  come together  and d isappear ,  leav ing  on ly  a  bund le  o f
energy  qu i te  d i l fe ren t  f rom the  or ig ina l  photon .
Radiation Arithmetic
and Geometry
Now let 's see how much of the radiat ion given
off  by the sun reaches the earth. lmagine a spherical
sur face  sur round ing  the  sun a t  a  d is tance equa l  to
tha t  o f  the  ear th  f  rom the  sun.  Th is  i s  a  rad ius  o f  93
mi l l ion  mi les .  The sur face  area  o f  any  sphere  is
found by the formula 4 xr xt2. Using the radius of 93
mi l l ion  mi les ,  a  sphere  o f  th is  s ize  wou ld  have 1 . '1  x
1017 square  mi les  o r  110,000 t r i l l i on  square  mi les .
The earth, as viewed f  rom the sun, would appear as
a  c i rc le  o r  f la t  d isc  8 ,000 mi les  in  d iameter  on  the
surface of this imaginary sphere. A circ le,  8,000
mi les  in  d iameter ,  has  50  mi l l ion  square  mi les .  Th is
is .0000000046 percent of the imaginary spherical
surface. This f igure represents the amount of the
total  energy emit ted by the sun that is intercepted by
the earth.
I t  is est imated that the total  output of the sun is 4
x  1026 wat ts  (W)  or  5 .3  x  1023 horsepower  (hp) .  The
ear th  in te rcepts  about  1 .7  x  1017 hp .  The to ta l  ra te  o f
energy use in the United States today is approxi-
mate ly  3  x  1012 W or  4  x  10s  hp .  The sun 's  rad ia t ion
intercepted by the earth represents about 56,000
t imes the  to ta l  U .S.  energy  use .  Th is  fac t  i s  po in ted
out here so that you can compare the effects of our
annual energy conversion on the overal l  earth
energy balance.
To ge t  these f igures  in to  a  more  fami l ia r  fo rm,
consider again that the earth appears as a f lat  disc
when viewed from the sun. Each square meter ( just
about a square yard) receives 1,400 W or 1.4 ki lo-
watts (kW). Rememberthis is abovethe atmosphere.
Some of the solar radiat ion is ref lected by photons
co l l id ing  w i th  a toms in  the  a tmosphere .  Some is
ref lected by clouds, and a smal l  bi t  is absorbed by
impar t ing  ex t ra  energy  to  a toms in  the  a i r .  A t  the
surface of the earth, af ter the photons have pene-
trated the blanket of atmosphere, the square meter
wi l l  receive about 1 kW or about 70 percent of that at
the  top  o f  the  a tmosphere .  Th is  i s  on ly  fo r  c lear  days
and dur ing  day l igh t  hours .  Day l igh t  i s  cons idered as
beg inn ing  about  one hour  a f te r  sunr ise  and end ing
one hour  be fore  sunset .  Dur ing  o ther  hours ,  the
radiat ion passes through too much of the atmos-
phere.
In  the  preced ing  examples ,  the  square  meter
was assumed to  be  pos i t ioned perpend icu la r  to  the
sun 's  rays  a t  a l l t imes.  Un less  the  rece iv ing  sur face
is  mounted  on  an  e labora te ly  cont ro l led  base,  i t  i s
p robab ly  never  a t  a  r igh t  ang le  to  the  sun.
One reason that a t i l ted surface receives pro-
por t iona l l y  less  rad ian t  energy  is  shown in  F igure  10 .
I t  i s  s imp ly  because the  quant i t y  o f  rad ia t ion  touch-
ing  i t  i s  less ; there fore ,  the  in tens i ty  on  each par t  o f
the area is less.
The ear th  i s  jus t  the  r igh t  d is tance f  rom the  sun.
l f  i ts average distance were less, the radiant energy
wou ld  p robab ly  cause a l l  the  po la r  i ce  to  me l t .  l f  i t
were  s l igh t ly  g rea ter ,  on ly  a  nar row band around
I  METER ACROSS
SOUARE METER
SURFACE
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Fig. 10,-A surface slanted with respect to radiat ion has less
energy imposed on i t  than a surlace perpendicular to the
radiat ion.
the  ear th  cou ld  be  inhab i ted .  A lso ,  the  t i l t  o f  the  ax is
plays a necessary role.
As  shown in  F igure  11 ,  i f  the  ear th 's  ax is  were
perpend icu la r  to  the  p lane o f  the  orb i t  a round the
sun,  the  po les  wou ld  never  rece ive  d i rec t  rad ia t ion ,
and the  band o f  sur face  a t  the  equator  wou ld  be
much ho t te r  than now,  because i t  wou ld  be  con-
s tan t ly  rece iv ing  max imum rad ia t ion .
Fig .  11 . -Because i t  i s  asphere ,  thesur faceot theear th  s lopesat
var ious  ang les  to  the  incoming rad ia t ion .  Th is  g rea t ly  a f fec ts
absorp t ion  o f  the  so la r  rad ia t ion .
But ,  w i th  the  ax is  t ipped a l231/2"  as  shown in
Fig ure 1 2, the poles wi l  I  poi  nt  toward the sun for part
o f  the  annua l  t r ip  a round the  sun.  A  la rger  v iew o f
th is  a r rangement  i s  shown in  F igure '1  3 .
Fig . ' l  2 . -Because o f  the  t i l t  o f  the  ax is  o f  the  ear th ,  the  nor th  and
south poles receive greater and lesser amounts of radiat ion as
the  ear th  moves around the  sun.  In  the  above d iagram,  the  rays
f  rom the  sun are  s t r i k ing  the  south  po le ,  and i t  i s  w in le r  t ime nor th
o f  the  eouator .
Because of the t i l t  of  the axis,  two movements of
a f  lat  plate receiver,  or any object for that matter,  are
necessary to keep i t  pointed toward the sun. Tele-
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scopes and cameras ,  wh ich  fo l low the  sun and s ta rs
automat ica l l y ,  have gear  ra t ios  des igned to  a l low fo r
these movements.
Fig. 13.- ln this diagram of the earth's orbit ,  i t  is easy to see how
thet i l to f  theear th 'sax iscauses theseasons.  I  pos i t ions  1  and3,
the  po les  rece ive  equa l  rad ia t ion .  In  pos i t ion  2 ,  the  south  po le
rece ives  un l igh t ,  wh ich  is  the  same as  shown in  F igure  12 .  In
pos i t ion  4 ,  the  nor th  po le  rece ives  un l igh t .  l t  i s  now summer t ime
in  the  nor thern  hemisohere .
Look a t  F igure  14 .  Wi th  the  nor th  po le  t i l ted
toward  the  sun,  the  p lane o f  the  equator  a lso  is
t i l ted. Any other plane of rotat ion is t i l ted the same
amount .  Not ice  the  p lane toward  the  top  o f  the
g lobe represent ing  the  la t i tude  o f  Lex ing ton ,  Ken-
tucky .  A  f la t  p la te  a t  pos i t ion  1 ,  sunr ise ,  must  be
rotated toward the east and t i l ted upward in orderto
be perpend icu la r  to  the  sun.  A t  noon,  pos i t ion  2 ,  the
plate has no rotat ion angle but is t i l ted at less of an
ang le  w i th  respec t  to  the  p lane.  A t  pos i t ion  3 ,
sunset,  i t  is rotated toward the west and at the same
ang le  o f  t i l t  w i th  respec t  o  the  p lane a t  sunr ise .
Automat ic - fo l low ing  equ ipment  fo r  the  two-
ax is  movement  i s  qu i te  expens ive .  There fore ,  many
I
Fig .  14 . -Because o l  the  t i l t  o f  the  ax is ,  two cons tan t  movements
are  requ i red  o f  any  sun- fo l low ing  dev ice ,  such as  a  f la t  p la te
col lector. The col lector must be rotated from east to wesl to
fo l lowthesun across thesky .  In  add i t ion ,  theang leo f  t i l l  w i th  the
horizontal surface of the earth must change and be steeper at
pos i t ion  1 ,  sunr ise ,  and pos i t ion  3 ,  sunset ,  than a t  pos i t ion  2 ,
noon. The varying angle of t i l t  is necessary because the plane of
rotat ion of an object on earth is t i l ted with respect to the sun.
f  lat  plates of a pract ical  nature are placed stat ionary
a t  an  average t i l t  and  ro ta t ion  ang le  fo r  the  who le
year .  They  thus  compromise  on  a  l i t t le  less  e f f i -
c iency  or  they  en la rge  the  p la te  a rea .  Th is  means
they face south and are at a rather steep angle,
about  60o fo r  Kentucky .  The loss  in  e f f  i c iency  is  no t
as great as the theory would indicate. This is
because the atmosphere causes di f fusion of the
rad ia t ion  to  take  p lace .  Th is  s imp ly  means tha t
many o f  the  photons  bounce or  re f lec t  o f f  par t i c les
in  the  a tmosphere ,  and there fore  are  no t  t rave l ing  in
a  d i rec t ion  d i rec t l y  f rom the  sun to  the  p la te .  l t  i s
est imated that an average of 15 percent of the
radiat ion is di f fused or scattered
Wi th  the  theore t ica l l y  impress ive  f igures  on  the
quant i ty of energy produced by the sun, let 's see
what can be and has been done to avai l  ourselves
of i t .
How Solar Energy
Has Been Used
First  of  al l ,  we need to be aware of what has
taken place in the past.  Al l  plants receive their
g rowing  energy  f rom the  sun th rough photosynthe-
sis taking place in the leaves. This process has taken
p lace  s ince  the  f i rs t  p lan t  g rew many b i l l i ons  o f
years ago. Wind and water power are direct ly
related to heat f  rom the sun. Of course, al l  the fossi l
fue ls  o r ig ina ted  in  energy  f rom the  sun.
The fac t  tha t  so la r  energy  is  spread un i fo rmly  i s
in  some cases  a  g rea t  d isadvantage and in  o ther
cases a strong advantage. In attempting to design a
central  power stat ion of large capacity,  a great
d isadvantage is  immedia te ly  encountered ,  tha t  o f
co l lec t ing  enough sun l igh t  fo r  the  requ i red  ou tpu t .
Most  o f  the  expense o f  such a  des ign  is  incur red  by
the  ga ther ing  equ ipment .  On the  o ther  hand,  i f
smal l ,  home-s ized power  equ ipment  i s  con tem-
p la ted ,  the  fac t  tha t  sun l igh t  i s  even ly  d ispersed is  a
great advantage. Regardless of where a home is
located, i t  has access to some sunl ight.
The greatest disadvantage to the pract ical  har-
ness ing  o f  so la r  energy  fo r  heat  o r  e lec t r i c i t y  i s
in te rmi t tency  or  the  occur rence o f  c loudy  days  and
n igh t t ime hours .  There  is  no t  much tha t  can  be  done
to  a l te r  e i ther  o f  these so  eng ineers  must  des ign
sys tems tha t  work  a round th is  g rea t  l im i ta t ion .  Th is
means discoveri  ng some way to receive an excess
amount  o f  energy  when the  sun is  sh in ing  and
s tor ing  the  excess  fo r  use  when i t  i s  no t  sh in ing .
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Collect ing Solar Energy
At the present t ime, the most pract ical  uses of
solar energy appear to be space heat ing of bui ldings
and domestic hot water product ion. When used as
heat,  solar energy is col lected more or less direct ly.
That is,  no compl icated, cost ly conversion equip-
ment with i ts inherent ineff ic iency is needed such as
in  p roduc ing  e lec t r i c i t y  o r  runn ing  coo l ing  equ ip-
ment with electr ic i ty.
The most common type of solar col lector or
photon  absorber  i s  the  f la t -p la te  type .  Th is  i s  s imp ly
a f lat  surface, as the name impl ies, placed to face the
rays  f rom the  sun.  l f  the  sur face  is  b lack ,  i t  w i l l
absorb much more radiat ion than i f  i t  were br ight
and shiny. l f  you haveeverwalked across a blacktop
pavement on a hot,  sunny day, you have experi-
enced th is .  There  is  a  l im i t  as  to  how hot  such a
surface wi l l  get even under the direct rays of the sun.
As the surface mater ial  heats up, i t  begins to radiate
heat i tsel f .  Soon a balance is reached between
incoming and ou tgo ing  rad ia t ion ,  and the  mater ia l
w i l l  no t  ge t  any  ho t te r .  l f  the  mater ia l  i s  in  contac t
w i th  co lder  sur round ings ,  the  heat  w i l l  be  con-
ducted away, thus reducing the mater ial 's tempera-
tu re .  Th is  can happen i f  co ld  a i r  touches  the  sur face
or  i f  the  mater ia l  i s  l y ing  on  co ld  g round.  To  l im i t
this,  the surface is usual ly covered by clear glass so
that a thin layer of air  is t rapped above the black
sur face  ac t ing  as  an  insu la to r  to  the  su  r round ing  a i r .
Insu la t ing  mater ia l  i s  p laced under the  b lack  sur face
to  l im i t  heat  loss  in  th is  d i rec t ion .  Us ing  these and
other  innovat ions ,  the  tempera ture  o f  the  b lack
surface can be increased.
To make use o f  the  heat  bu i ldup in  the  b lack
surface, two schemes are usual ly employed, one
using air  and the other water.  The water method is to
attach with glue or solder smal l  tubes to the back
side of the surface. Through these tubes, water is
circulated. Heat from the high temperature surface
is  conducted  in to  the  water  wh ich  in  tu rn  can car ry
the heat through insulated pipes to the radiators
th roughout  he  bu i ld ing .  A  d iagram o f  a  sys tem to
heat  a  bu i ld ing  is  shown in  F igure  15 .  Obv ious ly ,  the
total  system must be designed to balance the size of
the  heat  absorb ing  sur face ,  the  s ize  o f  a l l  the  p ipes ,
the  speed o f  c i rcu la t ing  the  water ,  and the  s ize  o f  the
radiators in the rooms to be heated.
l f  the  sun shone cont inuous ly ,  the  des ign  job
wou ld  be  s imp l i f ied .  Then,  you wou ld  s imp ly  match
the  heat ing  sur face  to  the  to ta l  bu i ld ing  needs.  But ,
s ince  i t  does  no t  sh ine  cont inuous ly ,  the  s ize  o f  the
surface absorbers, which may be l imited by the
bu i ld ing 's  phys ica l  s ize  and shape,  economics ,  o r
Flg. 15.-A diagram of a system to add heat to a bui lding ut i l iz ing
solar energy. In Kentucky, a f lat plate col lector placed stat ionary
on the  roo f  shou ld  face  south  and be  t i l ted  uo  a t  leas t  60o to  the
hor izon ta l .  E lec t r i ca l  energy  is  requ i red  to  run  the  c i rcu la t ion
pumps. Since the size of the hot water storage tank would have to
be very large to store more than a three- to four-day supply, the
bu i ld ing  must  s t i l l  be  connected  to  some supp lementa l  heat
su  pp ly .
both, must be increased as much as pract ical  to
provide an excess amount of heated water.  The heat
abovewhat  i s  immedia te ly  needed fo r the  bu i ld ing  is
usua l ly  s to red  in  la rge ,  insu la ted  water  tanks .  In
pract ice, a balanced design can store enough
excess heat from one clear day of operat ion to
main ta in  an  adequate  bu i ld ing  tempera ture  fo r  two
to  four  c loudy  days .  When long per iods  o f  c loudy
weather are encountered, heat from convent ional
sources  must  be  supp l ied .
As  can be  seen by  th is  example ,  a  convent iona l
heat ing system must always be instal led, and the
cos t  o f  the  so la r  sys tem added to  i t .  The on ly  sav ing
comes f rom be ing  ab le  to  reduce subs tan t ia l l y  the
amount  o f  convent iona l  fue l  used.  However ,  i l
enough so la r  sys tems cou ld  be  ins ta l led  in  ex is t ing
bu i ld ings  and new cons t ruc t ion ,  convent iona l  heat -
ing f  uel  costs could be signi f icant ly reduced.
Mediums other than water can be used to carry
the  heat  f rom the  absorber  to  the  po in t  o f  use .  A i r  i s  a
common one. Air  has certain advantages over
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water;  i t  does not freeze and there is no danger of
leaks. Air  is c irculated across the absorber plate to
col lect the heat.  The size of the ducts to convey the
heat to where i t  is needed is much greater than
required for water so more room must be designed
than for a water system.
An insulated bed of crushed stone is usual ly
used for the storage of heat in air  systems. The
construct ion mater ials and methods are usual ly
somewhat simpler in air  systems. Mater ial  which is
read i l y  ava i lab le  and convent iona l l y  fabr ica ted
makes air  systems more attract ive for most con-
tractors, as wel l  as do-i t -yourself  bui lders.
Storage systems using mater ials other than
water or rocks are being studied. One such system
that shows some promise uses a mater ial  cal led
Gloubers sal t  (sodium sulfate decahydrate).  This
mater ial  wi l l  form crystals at 90oF whereas water
must be at 34oF or below to crystal ize. As is wel l
known, substances absorb or give off  much more
heat when changing from one state to another,  for
example  f rom a  l iqu id  to  a  so l id ,  than they  do ,  i f  fo r
example ,  you  jus t  add heat  to  a  l iqu id .  Th is  i s  ca l led
latent heat or heat of change of state. ln this
process ,  a l l the  energy  go ing  in  when heat  i s  be ing
added is used to break down or melt  the crystal
structure, whi le the temperature of the substance
remains the same.
A br ief  summary of the types of storage present-
l y  used is  g iven  in  Tab le  1 .
Table 1.-A Comparison ol Heat Storage
Capacity
Material Btu/lb Btu/cu. ft.
But,  when we consider cool ing of homes, we
are  work ing  w i th  na ture .  Homes and bu i ld ings  tha t
need air-condit ioning are always geographical ly
located where there is abundant sunshine, because
this is what causes the higher cl imat ic temperature.
Even the seasons of the year coincide favorably with
the  demand fo r  coo l ing .  Some e lec t r i c  u t i l i t i es
report  that their  greatest load is dur ing the summer-
t ime due to  consumers  runn ing  a i r -cond i t ion ing
equ ipment .
I t  seems then that more effort  should be put into
ways  to  u t i l i ze  so la r  energy  to  run  coo l ing  equ ip-
ment .  But  how can you coo lw i th  so la r  energy  wh ich
is a natural  heat energy? The answer is possibly
simpler than you might expect.  The same system
and equipment used in gas-fueled ref r igerators wi l l
work. These have been on the market for many
years. Many homes have large air-condit ioning
units operat ing on natural  gas.
A s imp l i f ied  d iagram showing the  pr inc ip le  o f
operat ion of a mechanical  and gas-f  ueled ref r igera-
to r  cyc le  i s  shown in  F igure  16 .  In  the  mechan ica l
system, a pump turned by an electr ic motor or gas
eng ine  compresses  a gas  in to  a  l iqu id .  When any
gas is compressed, i t  heats up. In this system, the
heat is dissipated immediately to the atmosphere in
HEAT OUT TO ATMOSPHERE
EXPANSION VALVE
OR NOZZLE
IN FROM ROOM
TO ATMOSPHERE
VALVE
IN FROM ROOM
Fig. 16.-4 mechanical and a gas-fueled refr igeration cycle
diagram. The operation of these systems is described in the text.
For solar operation, concentrated sunl ight by ref lectors or
magnifying lenses would take the place of the gas f lame.
Water
Rocks
Salts
50
10
125
3,000
1,000
12,000
Potential Uses of
Solar Energy
Cool ing with Sunl ight
In the attempt to ut i l ize solar energy for heat ing
bu i ld ings ,  we f ind  tha t  we are  work ing  d i rec t l y
against nature. l t  is a natural  fact that homes and
bui ldings needing the most heat are geographical ly
located where there is the least sunl ight avai lable.
When we stop to think about i t ,  that is exact ly the
reason bui ldings in these locat ions need more heat.
EXP. RADIATOR
HEAT OUT
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the radiator.  A fan can be used to force the incoming
air  through this radiator,  or i t  can be placed so
natura l  a i r  c i rcu la t ion  passes  th rough i t .  Th is  i s
usual ly done in the gas system since electr ic power
may not be avai lable.
The now-cooled l iquid presses against the ex-
pansion valve. As i t  forces i ts way through this valve,
the  gas  re -expands and,  in  do ing  so ,  coo ls  as  i t  f  i l l s
the coi ls of this radiator.  The cooled, expanded gas
p icks  up  heat  f  rom the  room a i r  and moves on  to  the
intake of the compressor to start  the cycle over
aga in .
The only di f ference between the gas and me-
chanical  system is that the f lame of the gas burner
compresses the gas inside the tubes by heat ing i t ,
and this heat is then passed to the atmosphere in a
radiator just l ike in the mechanical  system.
In a solar system, concentrated rays of the sun
could furnish the heat instead of the gas f lame.
Some type of focusing system, such as parabol ic
dishes (Figure 171 or lenses must be used to get a
high enough temperature.
Fig .  17 . -A  parabo l ic  d isc  (a )  and cy l inder  (b ) .  Sun l igh t  s t r i k ing
the highly pol ished parabolic surfaces is directed toward the
center. Thus, several square feet of solar area can be directed
toward a very small  area and greatly mult iply the temperature at
that ooint.
Electr ic i ty Direct ly From Sunl ight
Aside from space heat ing and water heat ing,
much effort  is being put into the direct product ion
of  e lec t r i c i t y  f rom sun l igh t  by  use  o f  so la r  ce l l s .
These ce l l s  a re  made o f  s i l i con ,  a  very  abundant
e lement  in  our  ear th 's  c rus t .  These type ce l l s  have
been in use extensively in the space program. The
eff ic iency is not too great,  about 13 percent,  but we
must remember that this is direct conversion as
contrasted with heat ing water to steam, then turning
a generator to produce electr ic i ty.
The big disadvantage today is that these si l icon
cel ls must be manufactured to extremely cr i t ical
puri ty tolerances. This makes the cost excessively
high compared to the convent ional method of pro-
ducing electr ic i ty.  Even i f  a breakthrough could be
made in  th is  a rea ,  i t  i s  un l i ke ly  tha t  so la r  ce l l s  wou ld
make a great impact on the nat ion's total  electr ical
needs.
Aga in ,  however ,  the  fac t  tha t  sun l igh t  i s  even ly
spread may be an advantage. Each individual house
could have i ts roof or yard covered with these cel ls
and furnish a large percentage of i ts electr ical
needs.
Storage of electr ical  energy for use when the
sun does  no t  sh ine  looms as  the  one b ig  insur -
mountab le  p rob lem.  R igh t  now,  s to rage is  poss ib le
with batter ies. You can readi ly see how expensive i t
would be to have enough batter ies in each house to
store a three- or four-day supply of electr ic i ty.  Even
then these would not cover the long spel ls of
sun less  days  wh ich  in  the  w in te r  can  number  weeks .
Each house would, therefore, need to be connected
to the convent ional electr ical  supply.  We are now at
the same si tuat ion as with heat ing systems. The
home must have instal led in i t  the solar electr ical
system at extra cost,  along with i ts hookup to the
convent iona l  e lec t r i c  power  g r id ,  and the  on ly
saving is on the days when solar suppl ies the
electr ic i ty.
The big obstacle to the pract ical  use of solar
energy  is  i t s  in te r rup t ion  by  n igh t t ime or  c loudy
days. To get around this,  engineers have suggested
great banks of solar cel ls on spacecrafts in syn-
chronous orb i t  a round the  ear th .  Th is  i s  an  orb i t
requir ing 24 hours to complete; the satel l i te appears
to stand st i l l  above one spot on the earth. These
solar cel ls wou ld be almost cont in uously exposed to
sun l igh t  wh ich  in  tu rn  wou ld  beam energy  to  ear th
v ia  mic rowave an tennae.  There  i t  wou ld  be  p icked
up by  la rge  d ish  an tennae,  and the  e lec t r i c i t y  sen t  to
consumers  v ia  convent iona l  t ransmiss ion  l ines .
Present project ions are that i t  would take 50 years of
concentrated effort  before a system of this type
could produce an effect ive amount of energy. The
equ ipment  must  be  much more  mass ive  than the
communica t ion  sa te l l i tes ,  because the  ra te  o f
energy  f low must  be  many b i l l i ons  o f  t imes as  grea t .
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Conventional Electric Production
by Sunl ight
One proposed method of producing electr ic i ty
on earth by solar energy involves the use of many
mirrors to focus a large area of sunl ight on a
relat ively smal l  area, and thus heat water in a boi ler.
The laws of thermodynamics show us that the
higher the ini t ia l  temperature, the more eff ic ient a
steam cycle wi l l  be. By the use of mirrors and in a
sense magn i fy ing  many t imes the  amount  o f  sun-
l ight to heat water,  the temperature can be as high
as i t  is in a coal- f i red boi ler.  The physical  s ize of a
plant can be kept smal ler by increasing the opera-
t ing eff ic iency.
Parabol ic ref lectors in the form of dishes and
cyl inders (Figure 17) can be used to focus large
areas of sunl ight onto smal l  points or tubes. These
points or tubes can contain a heat-carrying medi-
um, such as air ,  water or special  gases in refr igera-
t ion systems and can be heated to very high tem-
peratures.
An Overall Summary
Solar energy may be summed up in out l ine form
to help get an overal l  look at i ts potent ial  uses
(Table 2).
Table 2.-Potential Use of Solar Energy
Product Approach
Heat
Electricity
Cool ing
Fue l
r Solar col lector, f lat and con-
centrating, to heat water or air
that in turn heats buildings or
water
r Solar col lectors, concentrating
type, for ranges and ovens
r Solar cel ls for direct con-
version
r Solar col lector for heat, con-
centration type, to turn steam
turbines
e Solar concentrators to provide
the high temperature for the
refrigeration cycle
o lncreased plant growth in
forestry and agriculture to
provide biomass for fuel,
e i ther  by d i rect  burn ing or
conversion to alcohol and
methane
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Questions
To st imulate thought and greater understanding of solar energy, answer these quest ions with the best
word(s) to make a true statement.  Refer to the mater ial  when necessary.
1. The center of an atom is cal led the
2. In hydrogen, only one part icle is at the center. This part icle is cal led a(n)
3. Around the outside of the hydrogen atom whir ls a very t iny part ic le cal led a(n)
4. The electr ic harge at the center is_, and the charge of the small outside part icle is_
5. Unlike charges always each other.
6. External energy put into an atom can make the electron move to a higher orbit.  (True or False)
7. The amount of energy required to make the electron move up is cal led
8. Photons are emit ted when an electron drops to a lower orbi t .  (True or False)
9. Photons carry or represent a amount of energy.
10. Photons travel away from the atom of their origin at the speed of l ight. (True or False)
11.  Photons  v ib ra te  as  they  t rave l .  Th is  i s  ca l led
12.  The f requency  o f  v ib ra t ion  is  g rea ter  fo r  photons  emi t ted  f rom e lec t rons  fa l l ing  f rom the  h igh  orb i t
levels.  (True or False)
13. Photons with higher frequencies have high energy. (True or False)
14.  Radiat ion isnever  dangerous to  l iv ing th ings.  (True or  False)
15.  Space is  f i l led wi th
16. Photons of di f ferent frequencies interfere or disrupt each other.  (True or False)
17 .  The e lec t r i c  cur ren t  fo rced th rough the  f i lament  o f  an  incandescent  l igh t  ag i ta tes  the  a toms to  wh i te
heat.  (True or False)
18. An atom of the f i lament temporari ly cooled gives off  l ight.  (True or False)
19. Any object that is c lose to 5,000"F has atoms agitated to such a state that they can emit  l ight.  (True or
False)
20. Gases cannot emit  l ight as sol ids do. (True or False)
21 .  Our  sun is  a
22. The energy that heats the sun comes from what kind of react ion?
23. Stars can be of any mass. (True or False)
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24. A thermonuclear react ion means that two atoms come together with suff ic ient veloci ty to fuse and
form a new element.  (True or False)
25. When there is a loss of mass. always appears.
26. The force that causes the protons, even though of the same charge, to stay together is cal led
27. The surface of our sun is at 5,500'F. (True or False)
28. The sun emits a major i ty of photons at f requencies in the vis ible range. (True or False)
29. The sun emits no radiat ion in the low frequency range, such as radio. (True or False)
30. The sun emits the greatest quantity of energy in the extremely high frequencies of X rays and gamma
rays. (True or False)
31. The temperature of the surface of the sun determines the frequency of radiation. (True or False)_
32. Any object, sol id or gas, at the same temperature as the sun's surface wil l  appear the same color. (True
or False)
33. Photons can travel through space for ages and never change frequency. (True or False)
34. Radiat ion leaves the sun in al l  d irect ions. (True or False)
35. Atoms are f i l led with tr i l l ions of photons. (True or False)
36 .  Aphotoncang iveup i tsquantumofenergy toanothera tomi f theyco l l ide .  (TrueorFa lse)
37. The transfer ol  energy from one object to another by radiat ion is 100 percent eff ic ient.  (True or False)
38. What percent of the sun's total output str ikes the earth?
39. How much energy (watts) reaches a square meter of f lat  surface on the earth?
40. What would happen i f  the earth were a few mil l ion mi les closer to the sun during al l  of  i ts orbi t?
41 .  What causes the seasons on earth?
42. l t  makes l i t t le difference in the quantity of radiation a flat surface receives whether i t  is perpendicular
to the sun's rays or not. (True or False)
43. What is one thing that can be done to increase use of solar energy in agricul ture?
44. Can grain, such as corn, wheat,  oats,  bar ley and r ice be used as a motor fuel? (Yes or No)
45. At the present ime, what is the most pract ical  use of solar energy?
46. What color is best for a f lat  surface col lector?
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47. At the present ime, what two mediums are most used to carry heat away from the collector?
48. What material is being considered for storage of heat by the change of state (latent) system?
49. About how much more (ratio) heat can the latent system store per pound than rocks?
50.  Inheat ingofbui ld ings,wef indwearework ingagainstnature. ls th is thesamewi thcool ing? (YesorNo)
51. What material is the main ingredient in solar cel ls to convert sunlight o electr icity?
52. In practice, a home must still be connected to a conventional fuel source to supply heat and electric
power when the sun does not shine for several days. (True or False)
53. Solar panels in orbit can get around the intermittency problem. (True or False)
54. For operating refr igeration equipment and heating water in boilers for steam turbines, a high tempera-
ture is necessary. (True or False)
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Answers
1.  nuc leus
2. proton
3, electron
4. positive, negative
5, attract
6 ,7
7. quantum
8 .7
L quantum
10 .  T
11.  f requency
't2. T
13 .  T
14.  F
15.  photons
16 .  F
17 .  T
18 .  T
19 .  T
20. F
21. star
22. thermonuclear
23. F
24. T
25. energy
26. strong nuclear or binding
27. F (centigrade is correct)
28. T
29. F
30. F
31 .  T
32. T
33. T
34. T
35. F
36. T
37.  F
38. 0.00000000460/o
39. 1,000
40. Polar ice would begin melt ing.
41. t i l t  of axis
42. F
43.
44.
45.
46.
47.
48.
49.
50.
51 .
52.
53.
54.
increase land area
yes (fermentation)
heat source
black
air and water
Gloubers alt
12.5:1
no
si l icon
T
T
T
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